The role of tooth wear as a proximate cause of senescence in ruminants has recently been highlighted. There are two competing hypotheses to explain variation in tooth height and wear; the diet-quality hypothesis predicting increased wear in low-quality habitats, and the life-history hypothesis predicting molar height to be related to expected longevity. We compared tooth height and wear from roe deer of known age from two contrasting populations of roe deer (Capreolus capreolus) in France: Trois Fontaines (TF) with good habitat and shorter animal life expectancy and Chizé (CH) with poor habitat and longer animal life expectancy. There was no population difference in tooth wear, leading to rejection of the diet-quality hypothesis. However, despite their smaller body size, initial molar height for animals from CH was larger than for animals from TF. This provides the first evidence that variation in longevity between populations can lead to differences in molar height within a species.
INTRODUCTION
Large mammals go through fairly distinct juvenile, sub-adult and prime-age stages before entering a senescent stage associated with decreased survival and reproductive performance (Gaillard et al. 2000) . The role of tooth wear as a proximate cause of senescence in ruminants has recently been highlighted (e.g. Loe et al. 2003; Carranza et al. 2004) . In ruminants, teeth are highly specialized and have evolved to withstand the extensive action of abrasion and attrition caused by masticatory degradation of vegetative forage (Lucas 2004) . Currently, two competing sets of hypotheses are raised to explain the observed sexual difference in tooth height and wear observed in sexually dimorphic ruminants: (i) those related to variation in diet or habitat quality (Loe et al. 2003) and (ii) those related to life-history differences (Carranza et al. 2004 ).
(i) The diet-quality hypothesis. Owing to the JarmanBell principle (Bell 1971; Jarman 1974; Demment & Van Soest 1985) , males may eat a lower quality diet than females, which in turn may result in faster tooth wear rate (Loe et al. 2003) . In addition, variation in wear rates between populations of the same species is frequently reported and has been suggested to be due to habitat quality (Loison et al. 2001 ).
(ii) The life-history hypothesis. In sexually dimorphic ruminants, males are the bigger sex with a higher mortality in all life stages and a shorter longevity (Loison et al. 1999; Toïgo & Gaillard 2003) . Since teeth are permanent and have fixed dimensions early in life, it has been proposed that their initial size can be taken as a measure of total lifetime 'repair', and their wear rate as a measure of current expenditure in performance (Carranza et al. 2004) . In support of this life-history hypothesis in highly polygynous species, males 'living fast and dying young' have a faster wear rate and a shorter initial molar height than females (Carranza et al. 2004) .
So far, these hypotheses, which are not mutually exclusive, have mainly been used to explain variation between the sexes of highly polygynous species. No study has related between-population differences in tooth wear to differences in life-history variables within species nor compared intersexual differences in tooth wear in monomorphic species of ungulates, where intersexual variation in life history and diet are less marked. We here do both. The European roe deer (Capreolus capreolus) is a small-sized cervid (adults weigh approx. 20-30 kg) with low sexual size dimorphism (males are only 10% heavier than females; Andersen et al. 1998) . Although an earlier study on roe deer used estimates of molar wear for ageing ( Hewison et al. 1999) , no analysis was performed to link patterns of tooth wear to sex or lifehistory theory. We compare tooth height and tooth wear of roe deer in two contrasted populations: the population of the weakly productive forest of Chizé (CH) where deer are quite light (22.9 and 25.1 kg for adult females and males, respectively) and enjoy quite long life (approx. 24% of females living for 12 years or more) versus the population of the highly productive forest of Trois Fontaines (TF) where deer are heavier (24.3 and 26.1 kg for adult females and males, respectively) and with a shorter expected lifespan (only 10% of females living for 12 years or more; Gaillard et al. 1993 Gaillard et al. , 1997 Gaillard et al. , 2003 Pettorelli et al. 2006) . The diet-quality hypothesis predicts a faster wear in CH (low-quality habitat) than in TF (high-quality habitat), with no specific pattern for tooth height. The life-history hypothesis predicts initial molar size to be largest in CH, at least after adjusting for possible allometric relationships (i.e. that larger animals have larger teeth), with no specific pattern of wear (or possible slower wear in CH if 'living slower'). We found that initial molar height was larger (both absolute and relative to body size) in CH where animals had a longer life expectancy. This supports the life-history hypothesis.
MATERIAL AND METHODS (a) Study areas and populations
The two study sites are fenced reserves managed by the Office National de la Chasse. CH (46805 0 N, 0825 0 W) is a 2614 ha reserve in western France (Poitou-Charentes) and TF (48843 0 N, 2861 0 W) is a 1360 ha reserve in eastern France (Champagne-Ardennes). Both areas are located inside 5000 ha forests principally composed of oak (Quercus sp.) and beech (Fagus sylvatica), but differ with respect to productivity, climatic conditions and vegetation composition (see Pettorelli et al. (2006) for further details and electronic supplementary material, table 1).
(b) Roe deer data Both populations have been intensively monitored since 1976 (TF) and 1978 (CH) through annual capture-mark-recapture sessions. Every winter in January to February, roe deer are captured and handled (see Gaillard et al. (2003) for details). Sex, year of birth (only for animals first caught within their first year of life), body mass and hind foot length are recorded for all animals caught. Unmarked animals are either exported to other populations or marked with numbered collars to allow later identification from a distance (see Gaillard et al. (2003) for further information on population estimates and productivity).
Jaws were collected from marked individuals of known age found dead within the study areas (nZ93, electronic supplementary material, table 2). Adult body mass, with an accuracy of 500 g, was obtained for most animals during the annual capture-markrecapture sessions. Mandibular length was measured according to Langvatn (1977) with an accuracy of 1.0 mm. The height of molar 1 was measured with a digital calliper (accuracy of 0.01 mm) as the perpendicular distance from the peak of the distobuccal cusp to the enamel/cementum line (Loe et al. 2003) .
(c) Statistical analysis We used molar height (mm) as the response variable, sex and population (CH versus TF) as factors, and age (years) as a continuous covariate in a linear model. Standard diagnostic tools were applied to assess the fit of the model. We report differences between levels with 'treatment' contrasts, i.e. comparing levels of a factor with a reference level. We used the Akaike Information Criterion (AIC; Crawley 2002), corrected for small samples (AIC c ), to select the most parsimonious model (table 1) . To get balanced data between the populations, we restricted the analysis to individuals less than 14 years of age (nZ90). All analyses were done in R (R Development Core Team 2004).
RESULTS
Despite being smaller (electronic supplementary material, figure 1), the longer lived individuals from CH had higher molars than animals from TF (nZ90, table 2, figure 1), supporting the life-history hypothesis. Contrary to the prediction from the diet-quality hypothesis, wear rate did not differ between the populations (since the 'age!population' interaction term was not included in the best model). However, if nevertheless including 'age!population (TF versus CH)' in the model (estimateZ0.028 (K0.126, 0.071)), estimated wear was slightly faster in CH. Molar height and wear were similar for males and females as evidenced, respectively, from the main effect of 'sex' and the 'sex!age' interaction term (table 2). Ln transformation of molar height before analysis yielded similar results.
DISCUSSION
The most novel finding of this study was that roe deer living in an area with a long life expectancy have larger teeth (figure 1). Roe deer from CH are smaller in size, less productive, with higher juvenile mortality (Gaillard et al. 1997) , but with higher adult female survival for old-age classes than for animals inhabiting TF (Gaillard et al. 1993 (Gaillard et al. , 1997 . This provides support for the life-history view on tooth height evolution, linking tooth endurance to expected reproductive lifespan (Carranza et al. 2004) . The evolution of hypsodonty (i.e. increased molar height) has been linked to increased aridity and thus reduction of forage quality (Fortelius et al. 2002) . We failed to find population differences in wear rates, which were expected due to habitat quality. Owing to a fairly limited sample size and since wear may not be linear with age (Loe et al. 2003) , it is somewhat premature Table 1 . Model selection performed on molar height for animals less than 14-years old (nZ90). (x, factor included; AIC, Akaike Information Criterion; AIC c , AIC corrected for small samples; K, number of parameters. We did not consider more detailed fit to age (e.g. higher order polynomials) due to limited data from older age classes.) Bigger teeth for longer life? V. Veiberg et al. 269
to reject some role of habitat quality even for the focal populations. The evolutionary processes related to both life history and diet quality, may work in the same direction on molar size, and may well be linked. The longer lifespan expectancy for animals inhabiting an inferior habitat could be explained through stressresponsive survival and its relationship with 'caloric restriction' (Sinclair 2005) . Caloric restriction has been widely accepted as a cause of extended longevity in numerous species (Masoro 2000; Sinclair 2005 ). The evolutionary basis of this relies on the presence of a potential future reproductive gain. Since the effects of dental senescence is expected to be most pronounced in mammals living in seasonal habitats (King et al. 2005) , our linkage between lifespan and teeth endurance is in correspondence with evolutionary predictions.
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